We investigate Extremely Red Quasars (ERQs), a remarkable population of heavily-reddened quasars at redshift z ∼2 − 3 that might be caught during a short-lived "blow-out" phase of quasar/galaxy evolution. We perform a near-IR observational campaign using Keck/NIRSPEC, VLT/X-shooter and Gemini/GNIRS to measure restframe optical spectra of 28 ERQs with median infrared luminosity log L(erg/s) ∼46.2. They exhibit the broadest and most blue-shifted [OIII] λ4959,5007 emission lines ever reported, with widths (w 90 ) ranging between 2053 and 7227 km s −1 , and maximum outflow speeds (v 98 ) up to 6702 km s −1 . ERQs on average have [OIII] outflows velocities about 3 times larger than those of luminosity-matched blue quasar samples. We show that the faster [OIII] outflows in ERQs are strongly correlated with their extreme red colors and not with radio-loudness, larger quasar luminosities, nor higher Eddington ratios. We estimate for these objects that at least 3−5 per cent of their bolometric luminosity is being converted into the kinetic power of the observed wind. Our results reveal that ERQs have the potential to strongly affect the evolution of host galaxies.
INTRODUCTION
A key problem in galaxy formation and evolution is understanding how active galactic nuclei (AGN) interact with their host galaxies. The potential impact of galaxy-scale outflows driven by quasars on their environment has become widely recognized (e.g., Blandford & Begelman 2004; Scannapieco & Oh 2004; Vernaleo & Reynolds 2006; Kormendy & Ho 2013) . These outflows provide a mechanism that might regulate and quench star formation activity in the host galaxy by dispersing or expelling the gas that feeds star formation and black hole growth.
Theoretical studies show that this so-called AGN feedback can provide an explanation for a variety of obser-E-mail: serenap@ucr.edu vations, e.g., the chemical enrichment of the intergalactic medium (IGM), the self-regulation of the growth of the supermassive black hole (SMBH) and of the galactic bulge, the steep slope of the high end of the stellar mass function, the existence of the red sequence of massive passive galaxies (e.g., Silk & Rees 1998; Granato et al. 2004; Di Matteo et al. 2005; Hopkins & Elvis 2010) . In some theoretical scenarios, quasar feedback occurs at a particular critical stage in galaxy evolution. It begins with a major merger or accretion event triggers a massive burst of star formation and rapid accretion onto the central SMBH. These starburst galaxies are shrouded in gas and dust and appear observationally as sub-mm galaxies or ultra-luminous infrared galaxies (e.g., Sanders et al. 1988; Hopkins et al. 2005 Hopkins et al. , 2008 Veilleux et al. 2009; Simpson et al. 2014) . AGN feedback occurs when energy and momentum liberated by the accreting SMBH cou-ple to the surrounding interstellar medium (ISM) to produce a "blowout" of gas and dust that quenches the star formation, thus revealing a visibly luminous quasar in the galactic nucleus (e.g. Sanders et al. 1988; Di Matteo et al. 2005; Hopkins et al. 2006 Hopkins et al. , 2008 Hopkins et al. , 2016 Rupke & Veilleux 2011 Liu et al. 2013) .
Dust-reddened quasars are valuable to test this evolution picture because they are candidate young objects participating in this early dusty stage of massive galaxy formation. In particular, they might have more common or more powerful accretion-disk outflows that drive feedback/blowouts during the brief transition phase from dusty starburst to normal blue quasar (e.g., Canalizo & Stockton 2001; Hopkins et al. 2005; Urrutia et al. 2008; Glikman et al. 2012 Glikman et al. , 2015 Wu et al. 2014; Banerji et al. 2015; Assef et al. 2015) .
It is at the peak epoch of quasar and star formation activity (z ∼ 2 − 3) that AGN feedback should have had the greatest impact on massive galaxy evolution. Our team recently discovered a remarkable population of extremely red quasars (ERQs; Ross et al. 2015; Hamann et al. 2017) at redshifts z ∼ 2.0 to 3.4 in Data Release 12 (DR12) of the Baryon Oscillation Sky Survey (BOSS, Dawson et al. 2013; Ross et al. 2012) in the Sloan Digital Sky Survey-III (SDSS-III, Eisenstein et al. 2011) . ERQs are defined simply by extreme red colors in the rest-frame ultraviolet (UV) to mid-IR, namely i−W3 > 4.6 (AB) from SDSS and the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010; Lang et al. 2016) . They have sky densities a few percent of luminous blue quasars consistent with a short obscured phase of quasar activity. X-ray observations of 11 ERQs showed high obscuration, with typical intervening column densities N H ≈ 10 24 cm −2 (Goulding et al. 2018) . However, the remarkable aspect of ERQs is the suite of exotic rest-frame UV spectral properties that accompany their red colors, including (1) exceptionally large broad emission-line equivalent widths, (2) peculiar "wingless" broad emissionline profiles with frequent highly blueshifted centroids, e.g., in CIV λ1549, (3) unusual emission-line flux ratios such as NV λ1240 CIV λ1549 and in some cases NV λ1240/Lyα > 1, and (4) an unusually high incidence of outflows identified by broad absorption lines (BAL). Several studies of highly reddened quasars at z ∼ 2 (Banerji et al. 2013 (Banerji et al. , 2015 Assef et al. 2015; Wu et al. 2012 ) find objects with generally normal UV line properties consistent with normal quasars behind a dust reddening screen. ERQs are fundamentally different. They are heavily-reddened, but their exotic line properties also require extreme physical conditions that all could be linked to powerful outflows (Hamann et al. 2017) .
Another remarkable property of ERQs is extremely broad and blueshifted [OIII] λ4959,5007 emission lines. This was first reported by Zakamska et al. (2016) from near-IR observations of four of the reddest ERQs in the Ross et al. 2015 and Hamann et al. 2017 samples. Their data include the broadest and most blueshifted [OIII] λ4959,5007 ever recorded, with full widths at half maximum (FWHMs) and blueshifted wings both reaching ∼5000 km s −1 . These features clearly identify high-speed outflows in ionized gas, consistent with the evidence for prodigious outflows found in the rest-frame UV data mentioned above.
However, the [OIII] λ4959,5007 lines are important because broad and blueshifted [OIII] profiles (at speeds larger than expected from galaxy dynamics) are common tracers of outflows on large (galactic) scales. As forbidden transitions, the [OIII] emission lines arise from relatively low density (n 7 × 10 5 cm −3 ) warm (T ∼ 10 4 K) clouds (Baskin & Laor 2005) . In particular, [OIII] cannot be produced in the high-density subparsec scales of the AGN broad-line region (BLR) making it a good tracer of the kinematics in the narrow-line region (NLR) on parsecs to tens of kiloparsec scales (e.g. Wampler et al. 1975; Boroson et al. 1985; Stockton & MacKenty 1987) . Therefore, large velocity shifts in the [OIII] lines provide strong evidence for high-velocity outflows on galactic scales (e.g. Spoon & Holt 2009; Mullaney et al. 2013; Rupke & Veilleux 2013; Veilleux et al. 2013; Zakamska & Greene 2014; Harrison et al. 2014; Cresci et al. 2015; Brusa et al. 2015 Brusa et al. , 2016 Carniani et al. 2015 Carniani et al. , 2016 .
In this paper, we present the results of new near-IR observations to determine if the extreme [OIII] kinematics discovered by Zakamska et al. (2016) are common in ERQs and/or are related to some particular property of the quasars such as their luminosities or accretion rates. To do that, we observed 24 more ERQs and ERQ-like quasars that span a wide range of reddenings and rest-frame UV line properties.
The paper is organized as follows: Section 2 describes the sample, observations, and data reductions; Section 3 presents our measurements and analysis of the [OIII] kinematics; Section 4 presents our main results with comparisons to other significant quasar samples; and Section 5 discusses the broader implications of our study. Our conclusions are summarized in Section 6. We adopt a ΛCDM cosmology throughout this manuscript, with Ω M = 0.315, Ω Λ = 0.685, and H 0 = 67.3 km s −1 Mpc −1 (Planck Collaboration et al. 2014 ).
OBSERVATIONS AND DATA REDUCTION
We obtained near-IR spectra of 28 broad emission-line (type 1) quasars selected from the lists of ERQs and "ERQ-like" quasars in Hamann et al. (2017) . Table 1 provides some basic information about the quasars and our new observations. We select only broad-line quasars based on FWHM(CIV) > 2000 km s −1 (Alexandroff et al. 2013) to exclude type 2 sources where the obscuration is generally attributed to orientation effects, e.g., in the so-called unified model of AGN (Padovani et al. 1993; Urry & Padovani 1995; Netzer 2015) . Then our highest priority was to observe ERQs in the "core" sample defined by Hamann et al. (2017) to have i−W3 > 4.6 and rest-frame equivalent width of CIV, REW(CIV) > 100Å. The additional requirement for large REW(CIV) in the core sample helps to isolate ERQs with both the reddest colors and the most extreme UV emission-line properties (that might be related to an early active evolution stage, Section 1). We also observed several quasars outside of the core ERQ sample to explore the relationship of the [OIII] kinematics to a wider range of quasar properties.
The final quasar sample listed in Table 1 includes 20 type 1 core ERQs, 4 ERQs (with i−W3 > 4.6) not in the core sample due to REW(CIV) < 100Å, and 4 "ERQ-like" quasars that are not ERQs due i−W3 < 4.6 but they are still redder than the median for W3-detected BOSS quasars at these redshifts and they have emission-line properties similar to Table 1 . Properties of the targets presented in this work. z b e s t is the best estimate of the emission redshift taking into account the centroid of Hβ, Hα (when available), [OIII] and low-ion emission lines in the corresponding BOSS spectra. ∆v(Hβ) represents the Hβ velocity shift with respect to z b e s t (negative values indicate blueshift and positive values indicate redshift). R is the resolving power. i magnitude and i−W3 color have been corrected for Galactic extinction. F 20c m is the 20 cm radio flux from FIRST where no entry means the source was not covered by FIRST, 0.0 indicates a non-detection with 5σ upper limit ∼1 mJy (Becker et al. 1995; Helfand et al. 2015) , non-zero entries are measurements with SNR > 3 as recorded in DR12Q. Alexandroff et al. (2018) the core ERQs (see Hamann et al. 2017) . For convenience, we will refer to this entire sample as "ERQs" throughout the remainder of this article. Near-IR spectra were obtained for twelve of the targets using the NIRSPEC instrument (McLean et al. 1998 ) on the Keck II telescope. We used the NIRSPEC-5 filter covering 1.413-1.808 µm, corresponding to the photometric H band. All targets were observed with a 0. 76 × 42 long slit for a spectral resolution of R = λ/∆λ ≈ 2000. We employed the standard ABBA slit-nodding pattern. Individual exposures were 360 s, with total integration times of ∼1.5 hr per object.
Object
We reduced the data using an IDL custom pipeline developed by George Becker (see Becker et al. 2009 ). The exposures were dark subtracted and flat-fielded using an internal flat-field calibration lamp. We did not subtract pairs of A-B exposures because that multiplies the noise from the sky and the dark current by a factor of √ 2. Instead, we built a lownoise dark frame by taking a large set of dark exposures with the same exposure time as our science frames. This is used to remove dark current features and other blemishes prior to sky subtraction. The sky was then modeled along the slit on each 2-dimensional exposure frame using a b-spline fit and removed from each exposure using optimal sky subtraction techniques for long-slit spectra (Kelson 2003) . All the steps were applied to the two-dimensional frames before the data are rectified. A single one-dimensional spectrum was extracted simultaneously across all the orders and all exposures of a given object. We performed relative flux calibrations and telluric absorption corrections using spectra of standard stars observed the same night. The effect of telluric corrections is small for most of our targets. The wavelengths are calibrated to the vacuum heliocentric system using spectra of internal arc lamps.
Ten ERQs were observed with Gemini Near-IR Spectrograph (GNIRS; Elias et al. 1998 ) on Gemini-North. For these observations, we selected the cross-dispersed mode, us- ing the short camera, the 32 lines mm −1 grating centred at 1.65 µm and the 0. 45 slit width, which gives a resolution R ∼1700. In this observing mode, the entire near-IR region from 0.9 to ≈ 2.5 µm is covered in a single observation. The Gemini observations were conducted in service mode in a series of nodded 330 sec exposures along the slit, giving a total exposure time of ∼45 min. A telluric standard was also observed both before and after the target, at a similar airmass.
The data from Gemini-GNIRS were reduced using the GNIRS sub-package in the Gemini IRAF software package (v1.13.1). Briefly, a correction was first applied to the raw science, standard star and arc lamp spectral images for the s-distortion in the orders. The data were then flat-fielded, taking care to flat-field each order with the corresponding correctly exposed flat. Subsequently, difference pairs were assembled from the science and standard star images and any significant remaining sky background removed by subtracting linear functions, fitted in the spatial direction, from the data. The spectral orders of the objects and the standard stars were then extracted and assigned the wavelength solution derived from the relevant arc spectrum. Then, the science spectral orders were divided by the corresponding standard star spectral orders and multiplied by a blackbody of appropriate temperature.
The spectra of six objects, have been obtained with the echelle spectrograph X-shooter on the European Southern Observatory (ESO) Very Large Telescope (VLT), a medium resolution spectrograph allowing simultaneous observations over the wavelength range from 0.3 to 2.48 µm (Vernet et al. 2011) . The spectra of these objects have been reduced as described in Zakamska et al. (2016) .
Seven sources are part of previous X-shooter and GNIRS programs (Zakamska et al. 2016 and Alexandroff et al. 2018 ; see Table 1 ). In particular, the spectrum of J135608.32+073017.2 is unpublished from the GNIRS program by Alexandroff et al. (2018) . First, we fit a local power-law continuum ( f λ ∝ λ α ) constrained by wavelength regions that avoid the Hβ and [OIII] emission lines as well as possible contributions from blended broad FeII emission. To estimate the strength of the FeII emission, we convolve the iron line template from Véron-Cetty et al. (2004) with a Gaussian kernel that has a velocity dispersion similar to the Hβ line (as derived from a preliminary fit or direct measurements). We use two strong emission features in the FeII template at ∼4600Å to estimate the iron contributions to the observed spectra. Figure 2 shows an example of the FeII spectral line fitting. We find that FeII does not critically change the measured [OIII] kinematics. The [OIII] line widths decrease by a factor 2 to 8 per cent. The pseudo-continuum and iron fits are then subtracted from the original spectrum. We then model Hβ and the two [OIII] lines with one or two Gaussian functions each, depending on the complexity of the emission profiles and the signal-tonoise ratio (S/N) of the spectrum. We assume both lines in the [OIII] doublet always the same kinematics (i.e., the same velocity widths and shifts in the Gaussian fit components), and we fix their amplitude ratio [OIII]λ4959/[OIII]λ5007 to 0.337 to match the transition strengths (Storey & Zeippen 2000) . The Hβ profile is allowed to have a different kinematic structure than the [OIII] lines. Figure 1 shows fits to the Hβ and [OIII] lines in four ERQs that illustrate the range of line properties in our data. Hβ is well described by a single Gaussian in 19 objects (see the bottom panels of Figure 1 for examples). In the remaining 9 cases, we add a second Gaussian component at the same redshift as the first one because residuals from the fit of a single component turn out to be large (upper panels of Figure 1 ). Forcing the two components to have the same redshift helps the fitting procedure by eliminating a degree freedom and it is justified by the generally symmetric appearance of the Hβ emission lines in our data. It is also consistent with the fact that our quasar sample is mostly radio-quiet (Hwang et al. 2018) , and previous studies have shown that Hβ is typically symmetric in radio-quiet quasars (while radio-loud quasars often have more asymmetric profiles Boroson & Green 1992; Marziani et al. 1996; Zamfir et al. 2010) .
The Figure 1 ). Table 2 lists the centroid wavelength of each Gaussian component in our fits, plus the FWHM and the REW measured from the full fitted profiles.
Redshift Estimates
Accurate redshifts are important to determine line shifts and outflow velocities. Table 1 lists our best estimates of the systemic redshifts (z best ) for each ERQ along with the reference line used for these estimates.
Stellar absorption lines are not detected in any of the ERQ spectra. Therefore we must use quasar emission lines to estimate the systemic redshifts. Accurate redshifts are notoriously difficult to measure from rest-frame UV broad emission lines in quasars due to blueshifts and asymmetries in the line profiles (Richards et al. 2011; Denney et al. 2016) . Previous studies have shown that the redshifts derived from narrow forbidden [OIII] lines are consistent to within ∼50 km s −1 with those based on stellar absorption lines and HI 21 cm emission in the host galaxies of AGN (Gaskell 1982; McIntosh et al. 1999; Hewett & Wild 2010; Bae & Woo 2014) . On the other hand, [OIII] lines in ERQs are often extremely broad and blueshifted (Section 3.1).
Following Zakamska et al. 2016 , we adopt Hβ as the nominal redshift indicator for the ERQs. However, we also examine other available emission lines to choose a final bestguess redshift, z best , for each ERQ. These checks against other lines are important because i) Hβ can be weak and/or severely blended with [OIII] in ERQ spectra (see Figure 1) , and ii) Hβ can be significantly shifted from low-ionization broad emission lines. Low ionisation permitted lines, such as MgII λ2800, are often used when narrow [OIII] lines are not available (Hewett & Wild 2010; Shen & Ho 2014; Shen 2016) . Shen (2016) showed that MgII has a mean offset of only ∼100 km s −1 from narrow [OIII] lines, with an object-toobject dispersion of ∼280 km s −1 . Shen (2016) also reported that Hβ is typically blueshifted by −100 km s −1 with respect to low-ionization CaII lines with object-to-object dispersion of 418 km s −1 . For the ERQs in our study, we compare the redshifts determined from the Hβ centroids (Section 3.1) to other lines as available in existing spectra, namely i) Hα, ii) narrow components in [OIII] that resemble traditional NLR features, and iii) any low-ionization emission lines (such as MgII λ2800, OI λ1334 and CII λ1335) available in the rest-UV spectra. We adopt the redshift derived from Hβ for 16 objects in our sample, as they well match those inferred from Hα and low-ionization ions (including J102541.78+245424.2 in Figure 1 ). We use the narrow [OIII] component as the best redshift reference for 6 ERQs where it is clearly distinct from the rest of the broad Hβ-[OIII] emission-line blend (e.g., J000610.67+121501.2 and J091303.90+234435.2 in Figure 1 ), and we use low-ionisation lines in the remaining 6 objects (see Table 1 ). For example, in J215855.10-014717.9, we use the low-ionisation lines because Hβ is blueshifted by ∼300 km s −1 with respect to the well measured OI, CII and MgII lines. The other 5 cases in which we adopt low-ion lines as reference for the redshift have some of the most noisy near-IR spectra in our sample (e.g. J221524.00-005643.8 in Appendix A). 
[OIII] kinematics
We measure the [OIII] kinematics from our line profile fits in three ways, following Zakamska et al. (2016) , Zakamska & Greene (2014) and other authors (e.g. Veilleux 1991). We report the non-parametric measures for every ERQ in Table 3 . We note that the [OIII] widths and velocity shifts probed by the ERQ sample are much larger and significant than the uncertainties of the redshift determination.
For each fit to the [OIII] λ5007 profile, we calculate the velocity width comprising 90% of the flux, w 90 , by rejecting the most extreme 5% blue-shifted and red-shifted parts of the line profile. w 90 is a measure of the profile width that for a gaussian profile is 1.397FWHM. The measured values of w 90 range from 2053 to 7227 km s −1 in our sample. Such [OIII] widths are much larger than those found in type 1 and type 2 quasars at lower redshifts. We will come back to this point in Section 4. We also measure the line velocity shifts relative to the systemic (based on z best ) at which 98 (v 98 ) and 50 (v 50 ) per cent of the line flux accumulates moving from red (positive velocities) to blue (negative velocities) across the line profile. v 50 is thus the median velocity in the profile while v 98 measures the blueshifted wing near its maximum extent. Figure 3 shows examples of these measurements for the same four ERQs plotted in Figure 1 . The best-fit [OIII] λ5007 profiles are plotted on a velocity scale relative to z best . The grey shaded area marks the part of the profile containing 90% of the line power. The velocities v 98 and v 50 are marked by dotted and solid vertical lines, respectively.
We also estimate a mean radial outflow velocity, v r , following Zakamska et al. (2016) . The strong blue asymmetry in most of the measured [OIII] λ5007 profiles, e.g., with most of the flux appearing on the blue side of the lines profiles (v 50 < 0, Table 3 ), strongly suggests that the [OIII] emission is affected by extinction. We assume that 1) extinction affects only the redshifted side of the profiles (v z < 0), 2) the outflow is spherically symmetric in the hemisphere facing the observer, and 3) the gas moves radially away from the quasar with radial velocity distribution, f(v r )dv r . Then, regardless of the shape of the distribution function f(v r ), the flux-weighted mean outflow velocity has a simple relation to the observable line-of-sight value, v z , given by
where |v z | is the flux-weighted average observed velocity on the blueshifted side of the line profile. v r derived this way measures a typical radial speed for (spherically-symmetric) outflows that might have a range of radial speeds. The derived values in our sample range 218 to 6141 km s −1 . The mean value across the whole sample is 2548 km s −1 . In contrast to |v z | , v 98 yields a direct measure of the maximum speeds reached in the outflows (or a lower limit to the maximum speed if the gas producing the blueshifted line wings is not moving directly toward the observer). The values of v 98 in our ERQ sample range from −1993 to −6702 km s −1 (Table 3) . To estimate errors on v 98 due to uncertainties in the fits, we consider the best-fit parameters uncorrelated, vary them in a range of ±1σ and calculate the resulting change in v 98 . We adopt the maximal variation of v 98 as upper limit error, with typical values of 200−500 km s −1 for our sample. The median [OIII] line profile velocities, v 50 , are also blueshifted in all cases, with values ranging from −36 to −2613 km s −1 . Table 3 lists the bolometric luminosity (L bol ) and [OIII] luminosity (L([OIII])) for every target in our sample. L bol values are difficult to determine for ERQs because they have severe (but uncertain) amounts of extinction across the restframe visible and UV. We adopt the procedure outlined in Hamann et al. (2017) , who use the bolometric correction L bol = 8 λ L λ at λ = 3.45 µm in the rest frame. WISE W3 photometry measures ∼3.45 µm in the rest-frame at the typical redshift of ERQs in our study. We adjust all of the observed W3 fluxes to this fixed rest wavelength by assuming the spectra have slope L λ ∼ λ −0.65 near this wavelength (Polletta et al. 2007 ).
Luminosities and Black Hole Mass
We estimate the luminosity at λ = 5007 and 5100Å multiplying the fluxes at 5007 and 5100Å by 4πD 2 L , where D L is the luminosity distance of the quasar. To obtain the fluxes at 5007 and 5100Å, we linearly interpolate the WISE W1(3.6µ) and SDSS i or z magnitudes and then convert the derived values at 5007 and 5100Å to fluxes.
L([OIII]) is estimated for each ERQ, multiplying the [OIII]
REW by the luminosity at 5007Å. The median ERQ spectral energy distribution (SED) is suppressed at ∼5000Å by about 2 magnitudes relative to normal/blue quasars (see Figure 16 in Hamann et al. 2017 ) and, therefore, we expect the values of L([OIII]) in Table 3 to be too low typically by a factor of ∼6.3.
We estimate the black hole mass (M BH ) of each ERQ using the virial relation
where ∆V is the velocity of the broad-line region (BLR) gas, R BLR is the radial size of the BLR, G is the gravitational constant and f is a calibration factor. Usually, the FWHM of the Hβ line (FWHM Hβ ) or the second moment of the line profile (i.e., the line dispersion; σ Hβ ) is used for the velocity of the BLR gas (Peterson et al. 2004 ). We adopt log f = 0.05 ± 0.12 ( f = 1.12) for FWHM-based mass (M FW H M BH ), while we used log f = 0.65 ± 0.12 ( f = 4.47) for σ-based mass (M σ BH ). These average f values are derived in Woo et al. (2015) by comparing the reverberation-mapped AGN and quiescent galaxies in the M BH -σ * plane, where σ * is the stellar velocity dispersion of the host galaxy. Woo et al. (2015) combine classical and pseudo bulges in determining the best-fit M BH -σ * relation. The use of the different calibration factors, f , derived by Ho & Kim (2015) for the two bulge types, yields similar results within ∼0.15 dex.
We estimate R BLR from
where α = 0.519 is the slope of the power-law relationship between R BLR and λL λ (5100Å) and K = −21.3 is the zero point (Bentz et al. 2009 ). , then the corrected black hole masses should be typically ∼2.5 times larger than listed in Table 3 . The Eddington luminosities scale directly with black hole mass and, therefore, the corrected Eddington ratios should be typically ∼2.5 times smaller than the vales in Table 3 .
Radio Properties
The radio properties of our sample and many more ERQs are discussed extensively by Hwang et al. (2018) . The radioloudness of ERQs cannot be measured by the standard ratio of observed radio to blue-visible fluxes (Kellermann et al. 1989) because ERQs have large but uncertain amounts of blue-visible extinction. Therefore, Hwang et al. (2018) use a definition for radio-loudness based on radio luminosity νL ν [5 GHz] > 10 41.8 erg s −1 for quasars with [OIII] luminosities of order ∼10 10 L (from Xu et al. 1999 ). The radio luminosities at 5 GHz are computed using the following equation:
where D 2 L is the luminosity distance at redshift z, α is the spectral index and F ν ob s is the observed flux density. This analysis indicates that ERQs are mostly radio-quiet (RQ) objects, with a radio-loud (RL) fraction of ∼8 per cent, comparable to the general quasar populations at similar z (Jiang et al. 2007) .
With their extreme [OIII] kinematics, ERQs are found to lie on the extension of the w 90 -radio luminosity relationship of low-redshift, less extreme quasars (Zakamska & Greene 2014) . While the nature of radio emission from radioquiet quasars remains poorly understood (for a review see Panessa et al. 2019) , this relationship is consistent with radio emission being a bi-product of shocked winds (Hwang et al. 2018 ). Urrutia et al. (2012) and Brusa et al. (2015) . Sources from the sample by Zakamska & Greene (2014) are type 2 quasars, which are a useful for comparison to type 1s because traditional NLRs that produce [OIII] emission are extended far beyond the dusty torus (or other nuclear obscurer). Figure 4 adds our new data for ERQs, including re-measurements of the 4 ERQs in Zakamska et al. (2016) , plus luminous type 1 quasars from Shen (2016) and Bischetti et al. (2017) . The latter two samples are primarily blue quasars with redshifts and luminosities similar to the ERQs; only one of them from Bischetti et al. (2017) is an ERQ according to its i−W3 color. We estimate their 5 µm luminosities using W3 photometry and extrapolate to the rest-frame 5 µm assuming a L λ ∼ λ −0.65 slope (from the Polletta et al. 2007 QSO1 SED) . We recreate their [OIII] emission line profiles using the published fit parameters to measure the kinematic parameters consistently in all samples, as described in Section 3.3. We also calculate their L([OIII]) consistently with our targets (see Section 3.4). To this aim, we estimate the luminosity at 5007Å from the published luminosity at 5100Å, and assuming a L λ ∼ λ −0.65 slope. Then, we multiply L at 5007Å by the [OIII] REW measured from the recreated [OIII] emission line profiles.
RESULTS & COMPARISON TO OTHER STUDIES
Another useful data set for comparison to ERQs is the low redshift (z < 0.85) quasar sample drawn from SDSS DR7 by Shen et al. (2011) . Their spectral fits are not published so we cannot reproduce their [OIII] emission line profiles and measure the w 90 . However, those objects would populate lower-left corner of the w 90 − νL ν [5µm] plot at low luminosities (typically ∼10 44 -10 45 erg/s) and narrow line profile widths ( 1000 km s −1 ). They follow the general trend described by Shen (2016) for increasing [OIII] line widths in more luminous quasars. This trend is also evident in Figure 4 (see also Zakamska et al. 2016) . However, it is important to note that the [OIII] line widths in ERQs are substantially offset toward larger values (typically by factors of 2 to 4) compared to blue quasars with similar luminosities.
The top row Figure 5 presents an expanded view of Figure 4 for just the ERQs in our study and the luminous (mostly) blue quasars from Shen (2016) and Bischetti et al. (2017) . The symbols are color-coded to denote the i−W3 color of each quasar. The bottom row of Figure 5 shows similar results for v 98 , which is a more direct indicator of the outflow speeds. If we consider only the normal blue quasars in this figure, e.g., from Shen (2016) and Bischetti et al. (2017) , we see that w 90 and v 98 both display a weak dependence on rest-frame 5 µm quasar luminosity and [OIII] line luminosity. However, there is a much stronger relationship to i−W3 color, such that ERQs typically have ∼2 to ∼4 times broader and more blueshifted [OIII] lines than blue quasars at the same luminosity. The quasars in our sample that are not ERQs because they have i−W3 < 4.6 (light blue squares in Figure 5) are very rare quasars with ERQ-like emissionline properties (Section 2 and Hamann et al. 2017 ). Figure 5 shows that they also have [OIII] kinematics like the ERQs, strongly suggesting that they are physically similar to ERQs and unlike normal blue quasars. Figure 6 plots directly the relationships of w 90 and v 98 to i−W3 color for the same three quasar samples as Figure 5 , but now with separate filled and open hashed symbols representing RQ and RL objects, respectively. We determine the radio-loudness of the quasars from Shen (2016) and Bischetti et al. (2017) in the same manner as our ERQ sample, as described in Section 3.5. In particular, we compute their radio luminosities at 5 GHz using the observed integrated flux density at 20 cm from FIRST 1 and assuming α and M σ B H uncorrected for extinction. Correcting for a typical extinction of ∼2 mags at 5100Å in ERQs would increase the black hole masses by a factor of ∼2.5 and decrease the Eddington ratios by the same ∼2.5 compared to the values listed here (see Section 3.4).
Object Name Richards et al. 2006) . We also compute the radioloudness of these blue quasars using the ratio between the rest-frame flux densities at 5 GHz and 2500Å, i.e., R = f ν (5 GHz)/ f ν (2500Å) (Sramek & Weedman 1980) , for comparison. The use of the two different methods to identify RL targets yields similar results. For example, 13% of the sample from Shen (2016) are found to be RL using the threshold νL ν [5 GHz] > 10 41.8 erg s −1 , while 8% adopting the traditional R > 10 ( Kellermann et al. 1989 ) as criterion for radioloudness. Two results are immediately evident from Figure 6 . First, the outflow kinematics are strongly dependent on i−W3 color (much more so than the weak luminosity trend among blue quasars in Figure 5 ). Second, we do not see any relationship to the radio properties in the different samples. In particular, radio-loudness does not favor larger w 90 nor v 98 values and it cannot account for the very different [OIII] kinematics between ERQs and blue quasars at similar luminosities. Figure 7 explores the relationship of the quasar Eddington ratios (Table 3) to the [OIII] outflow kinematics measured by w 90 and v 98 , again for the same three quasar samples in Figures 5−6 roughly matched in luminosity. We estimate the Eddington ratios for the luminosity-matched blue quasars consistently to our targets (see Section 3.4). The red arrows represent the typical extinction correction for ERQs estimated as follows. The median ERQ SED is suppressed at ∼5000Å by about 2 magnitudes relative to normal/blue quasars (Section 3.4) and, therefore, we expect the values of the luminosity at 5100Å to be too low by a factor of ∼6.3. If the typical extinction in ERQs is ∼2 magnitudes, then the corrected R BLR (Eq. 3) is ∼2.5 times larger, and therefore M BH in Eq. 2 is ∼2.5 times larger as well. Considering such correction, both panels show no significant relationship between [OIII] kinematics and the Eddington ratio. In addition, the median value of the Eddington ratio corrected for extinction in ERQs, 0.32, is similar to the median ratio 0.52 in the combined blue quasar samples in Figure 7 .
The results in this figure do not support speculation elsewhere (Hamann et al. 2017, Zakamska et al., submitted) that ERQs have higher accretion rates (larger L bol /L edd ) that could naturally produce faster and more powerful outflows compared to normal/blue quasars. However, there are significant uncertainties in both the measurements and as- sumptions, and there might be systematic offsets between the ERQs and normal blue quasar samples. For example, the ERQs might have intrinsically different SEDs than blue quasars that would affect the L bol estimates. One possibility is that the mid-IR emissions are optically thick and thereby suppressed in ERQs (e.g., as in Pier & Krolik 1992) . In our study, this would lead to underestimates of L bol and L bol /L edd in the ERQs. Another possibility is that the Hβ kinematics we measure in ERQs are affected by outflows in the broad emission line regions (Hamann et al., in prep.) . We do not expect this to be a serious problem because the median FWHM of Hβ in our ERQ sample is 4075 km s −1 (e.g., in the normal range of type 1 AGN and quasars Hao et al. 2005; Steinhardt & Silverman 2013) ; however, we cannot exclude the possibility that some of the measured Hβ line widths come from outflows. This could again lead us overestimated black hole masses and underestimated Eddington ratios.
Conversely, the analysis in Zakamska et al. (submitted) might favor overestimated Eddington ratios for ERQs. Their results are based on measurements of the rest-frame B-band luminosities (L B ) of ten ERQ host galaxies observed with the Hubble Space Telescope, which they then use to estimate black hole masses from the L B -M BH scaling relations in normal galaxies (Kormendy & Richstone 1995; Kormendy & Ho 2013) . Those scaling relations might not apply to ERQs, e.g., if ERQs are characteristically a young quasar population residing in young host galaxies. Even if the scaling relations do apply in principle to ERQs, they might produce overestimates of the Eddington ratios in ERQs. For example, if the measured values of L B in ERQ host galaxies are significantly affected by dust extinction across the galaxies (as they are toward the central quasars), the scaling relations would underestimate the true black hole masses overestimate the Eddington ratios in ERQs. Another potential bias is that ERQs are necessarily very luminous to be included as extremely red objects in the BOSS quasar catalog (Hamann et al. 2017) . Selecting luminous quasars from the overall quasar population tends to favor larger black hole masses, which could then favor larger values of M BH for a given L B compared to the average or median in L B -M BH scaling relations. This would again mean that the scaling relations applied to ERQs would underestimate the black hole masses and overestimate the Eddington ratios.
It is not possible to quantify these various uncertainties and potential biases without additional data and detailed analysis. That work is beyond the scope of our current study. We favor the results as shown in Figure 7 , with a nominal expected extinction correction applied to the ERQ points, indicating that ERQs do not have anomalously large Eddington ratios compared to normal/blue quasars at similar redshifts and luminosities. There is a weak dependence of Eddington ratio on infrared luminosity, as expected if the infrared luminosity is tied to the bolometric luminosity and more luminous quasars naturally favor larger Eddington ratios as a selection effect. There is perhaps a similar weak trend for larger Eddington ratios with larger L([OIII]) if we consider only the ERQs (right panel). However, there is no correlation with [OIII] luminosity with the luminous blue quasars included.
DISCUSSION
The main result of our study is that ERQs routinely exhibit [OIII] λ4959,5007 emission lines with unprecedented velocity widths, with w 90 ranging between 2053 and 7227 km s −1 , and unprecedented outflow speeds, with v 98 ranging from 1992 to 6702 km s −1 (Section 3 and Tables 2 and 3 In the following subsections, we use our results above to estimate the energetics (Section 5.1) and discuss possible acceleration mechanisms (Section 5.2) for such powerful [OIII] outflows. We conclude with a brief discussion of the implications for quasar feedback and how ERQs might fit into quasar/galaxy evolution schemes (Section 5.3).
Energetics
The physical properties of the ionized outflow can be constrained through the observational parameters of the [OIII] emission line. We use the [OIII] luminosity as a mass tracer with the understanding that it is also sensitive to unknown parameters like the gas temperature, metallicity, ionisation, and electron density. Cano-Díaz et al. (2012) show that, under nominal ionization and excitation conditions, an order of magnitude estimate of the kinetic power in the [OIII]-emitting gas is given by
where n e3 is the electron density in units of 1000 cm −3 , C = n e 2 / n 2 e is the condensation factor (i.e., measure the homogeneity of the ionized gas distribution), L n e is often measured from the emission-line ratio [SII] λ6716/λ6731 which is sensitive to n e . Typical [SII]-based measures of electron density vary from n e ∼ 100−1000 cm −3 (e.g. Osterbrock & Ferland 2006) . We choose a value of n e = 200 cm −3 . This parameter choice is consistent with similar studies of ionized outflows (e.g. Bischetti et al. 2017) . For a more typical density of the NLR n e =10 3 cm −3 (Netzer et al. 2004; Baskin & Laor 2005 ) the radius of the [OIII] λ5007 emitting region is R out ∼3 kpc, for a mean ERQ luminosity. However, we assume R out = 1 kpc. This choice is justified by recent observations of two ERQs in our sample performed with W.M. Keck Observatory OSIRIS integral field spectrograph (IFS) with adaptive optics. A preliminary data reduction indicates that the [OIII] emission is spatially unresolved in both sources on scales ≤ 1.2 kpc (Perrotta et al. in prep) . Zakamska et al. (2016) used an approach to estimate the kinetic energy of the ionized outflow based on the use of recombination lines (Nesvadba et al. 2006) . To this purpose, they assumed the [OIII]/Hβ ratio to be close to its standard value of 10 (Dopita et al. 2002) in the extended emission-line region. The use of this method to derive the kinetic energy associated to the ionized outflow (for additional details see Zakamska et al. 2016 ) yields comparable results.
The left panel of Figure 9 plots the kinetic power of the ionized outflows for the ERQs in this study (squares) and the luminous quasars in the samples from Shen (2016) (circles) and Bischetti et al. (2017) (stars) , as function of L bol . We compute E k for the luminosity-matched blue quasars consistently to our sample. In order to give an idea of the potential impact of the uncertainties affecting E k , we report error bars in Figure 9 (bottom right) estimated by varying n e (solid line) and R (dashed line). In the first case, the upper bound correspond to the assumption of n e = 100 cm −3 (as in Liu et al. 2013; Harrison et al. 2014; Brusa et al. 2015) , while the lower bound correspond to n e = 1000 cm −3 (i.e. the typical value for the NLR, Peterson 1997) . For what concerns uncertainties in the extension of the outflows, we consider R out = 0.5 kpc as a lower limit and R out = 7 kpc (e.g. Bischetti et al. 2017 ) an upper limit.
The right panel of Figure 9 shows how the result changes if we adopt v r as the outflow velocity. Table 3 shows that these flux-weighted outflow velocities v r are generally ∼10 to ∼30 percent smaller than the maximum measured velocities v 98 . This has a significant effect on the kinetic power because of the v 3 dependence in Eq. 5. In principle, the fluxweighted velocities v r are a better indicator of the speed at which most of the gas is moving and, therefore, a better indicator of the kinetic energy. However, v r and v 98 can both be underestimates if there are orientation effects, e.g., if the outflows are axisymmetric and the flow axes are not aimed at the observer. Thus using the larger v 98 values in the kinetic energy formula might provide a first-order correction for these effects. (2016) sample and inspection of the [OIII] line profiles suggests that our derived E k are too large factors of ∼2. Second, the actual radii of NLRs in luminous blue quasars are generally larger than our adopted R out = 1 kpc by factors of several (Netzer et al. 2004; Baskin & Laor 2005) , indicating that the true E k values should be several times lower (see Eq. 5). For example, the [OIII] outflows in two of the WISSH quasars have been spatially resolved to have radial sizes of roughly R out = 7 kpc (Bischetti et al. 2017) , which indicates that their E k values should be ∼0.84 dex lower than shown in Figure 9 .
In contrast, our E k estimates for the ERQs in Figure 9 are almost certainly too small by factors of several because we use observed [OIII] luminosities without extinction corrections. As discussed in Section 3.5, the amount of extinction at 5007Å in the ERQs is typically ∼2 magnitudes (or a factor or 6.3, based on comparisons between the typical SEDs of ERQs and normal blue quasars). Therefore, we expect the E k values shown for the ERQs in Figure 9 to be too small by similar factors of 3 to 10 (see also Zakamska et al. 2016) . The red arrow in Figure 9 shows the effects of typical extinction correction for ERQs (see Section 3.4). Figure 9 shows that, even with these systemic biases, the median kinetic power of ERQs is 1.5 dex larger than Filled and open hashed symbols represent radio quiet (RQ) and radio loud (RL) object, respectively. We omit from the plot 11 quasars from Shen (2016) that are not covered by FIRST and J232611.97+244905.7 from our sample, for which the radio flux is unknown. The exclusion of these targets does not alter the results. the median E k of blue quasars with comparable luminosity. Correcting for the systemic biases makes the differences substantially larger. The main reasons for this are much larger [OIII] outflow velocities ( Figure 5 ) and, secondarily, larger [OIII] luminosities (after correcting for dust extinction the median L([OIII]) of ERQs is 1.06 dex larger than that of the other samples) in ERQs.
Acceleration mechanism
In the previous Sections, we have seen that [OIII] outflows in ERQs exhibit extreme velocities unlike any known quasar population. What can be the mechanism of acceleration for such [OIII] outflows? Various theoretical models have been developed over the last two decades to produce powerful large-scale outflows (e.g. Murray et al. 2005; King et al. 2011; Faucher-Giguère & Quataert 2012; Zubovas & King 2012; McKinney et al. 2014; Thompson et al. 2015) .
One possibility is that ultra-fast nuclear winds (with ini- tial velocity v in ≥ 10,000 km s −1 ), usually detected through UV and X-ray absorption features (e.g. Weymann et al. 1981; Tombesi et al. 2015) , cause shocks interacting with the surrounding ISM. If the hot shocked gas does not cool efficiently (i.e. energy-conserving outflow), an expanding hot gas bubble can do work on the ambient gas and drive largescale outflows (e.g. King et al. 2011; Faucher-Giguère & Quataert 2012; Zubovas & King 2012 ). This mechanism requires the hot shocked gas to be reasonably well confined to build-up enough pressure and be able to drive powerful galaxy-wide outflows. In this scenario, the velocity of the swept-up material, v s , is generally v in . Such shocked wind bubbles can decelerate to a few 100 km s −1 (or less). Maximum values of v s ∼1000 km s −1 are in good agreement with measurements of outflows in local ultra-luminous infrared galaxies (e.g. Rupke & Veilleux 2011; Sturm et al. 2011 ).
In our case, shocks can either contribute to or govern the [OIII] line excitation. Energetically it is challenging to channel so much energy into [OIII] via shocks (e.g. King et al. 2011; Faucher-Giguère & Quataert 2012) . However, ERQs are remarkable objects with line properties related to extreme physical conditions. Therefore, the possibility of shocks should be re-examined in future analysis.
Another possibility is that outflows are accelerated by radiation pressure on dust grains. The strong correlation between [OIII] properties and i−W3 color seen in Section 4 suggests that this mechanism may play a major role in accelerating large-scale gas to such high velocities. This process has been investigated analytically (e.g. Murray et al. 2005; Thompson et al. 2015; Ishibashi & Fabian 2015 , in radiative transfer calculations (e.g. Proga & Kallman 2004; Krumholz & Thompson 2012 Bieri et al. 2017 ) and through cosmological simulations (Debuhr et al. 2011 (Debuhr et al. , 2012 Costa et al. 2018) . In all cases, IR multi-scattering has been reported as crucial to guarantee enough momentum can be transferred to the surrounding gas. The optical and UV radiation emitted by quasars is absorbed and re-emitted at IR wavelengths before escaping the galactic nucleus. If the dust opacity is important also at IR frequencies (i.e. IR optical depth τ IR > 1), and the dusty envelope has a large covering fraction as seen from the central emission source, instead of streaming out, the reprocessed IR photons will scatter multiple times before escaping, thus multiplying the momentum transfer and producing a very efficient coupling between the quasar radiation and the surrounding ISM. In this scenario, the radiation force can exceed L AGN /c at most by a factor of τ IR , and approaches this maximum value if the radiation is efficiently confined by optically thick gas. In particular, Costa et al. (2018) show that the IR trapping is efficient as long as the optically thick gas has a high covering fraction and the IR diffusion times are short in comparison to the hydrodynamic response time. Hamann et al. (2017) present an extensive discussion to explain the unusual SEDs of ERQs, which are surprisingly flat across the rest-frame UV given their red UV to mid-IR colors (see Figure 16 in Hamann et al. 2017) . Interestingly, one possibility is that patchy obscuration by small dusty clouds with typical ∼90 per cent covering fractions could produce the observed UV extinctions without substantial UV reddening. Another possibility is that the continuum light from the quasar is scattered into our line of sight by the surrounding medium. Alexandroff et al. (2018) found that the rest-frame UV continua of two ERQs have a polarization between 10 and 15 per cent. Costa et al. (2018) include trapped IR radiation pressure in cosmological radiation-hydrodynamic simulations. They show that this mechanism has the ability to generate large-scale outflows, clear the galactic nucleus and generate low density channels through which the radiation field can escape. Since only the central regions of massive halos are optically thick in the IR, radiation pressure affects the star formation rate more efficiently within the innermost 1 kpc. However, these simulations are also not able to reproduce the typical outflow velocities of ERQs. Additional factors to boost the outflow speeds reached in these models might be needed, such as higher IR optical depths, different feedback mechanisms, or higher resolutions to accurately describe the observed outflows.
Interestingly, observations of two ERQs performed with OSIRIS/Keck revealed that [OIII] emission appears compact (< 1.2 kpc, see Section 5.1). If this result holds generally for ERQs, it would support a scenario where trapped IR radiation produces more compact and higher-speed [OIII] emission. However, the geometry of the dust obscuration in the host galaxies is not clear, making difficult to estimate the extension of the [OIII] emission. We will explore the size and morphology of [OIII] outflows in ERQs in a forthcoming paper. In reality, hot shocks due to ultra-fast nuclear winds and trapped IR radiation pressure may co-exist and contribute to the dynamics of the outflows in quasars to somewhat different degrees.
Implications for Quasar Feedback
Dust-obscured and red quasars provide important tests of galaxy/quasar evolution. They are expected to be young, appearing during the brief blowout/transition phase between the initial dusty starbursts and later normal blue quasars (Urrutia et al. 2008; Glikman et al. 2012; Assef et al. 2015; Banerji et al. 2015 Banerji et al. , 2017 .
ERQs have sky densities a few percent of luminous blue quasars consistent with a short-lived phase of quasar evolution. They may represent the short-lived "blowout" evolution stage that precedes the much more common (and more evolved) luminous blue quasar phase. A possible evolutionary scenario is that [OIII] outflows attain their large velocities during a fully obscured phase, when they are well confined by the ambient medium, and can build-up of pressure within the innermost ∼1 kpc as the quasar continues injecting energy and momentum into this region via the wind. When the pressure force exceeds the inertia of the surrounding ISM quasar feedback can clear the nucleus and reveal the SMBH as an optical quasar. In the subsequent optical quasar phase, the outflows may decelerate while shock-heating the surrounding ISM, and expanding to larger scales.
ERQs show [OIII] emission lines with w 90 reaching ∼7200 km s −1 , and maximum outflow speeds v 98 up to 6700 km s −1 . These extreme outflow signatures, unprecedented in other luminous quasar samples (Figure 4 , also Zakamska & Greene 2014; Shen 2016) , correlate with red color strongly (see Figure 6 ). This important result suggests that the dust content in the host galaxy may play a crucial role in coupling the energy released by the central accreting SMBH to the ISM efficiently, and explaining the clear distinction of [OIII] widths between ERQs and blue quasars matched in luminosity.
Our target selection gives priority not only to quasars with extreme red color, but also with REW(CIV) > 100Å. However, our sample contains six ERQs with REW(CIV) < 100Å and they all show [OIII] widths and velocities at least 2 times larger than the median values of luminosity-matched blue quasar samples. We will explore the possible relation between BLR winds (traced by CIV) and [OIII] winds in a forthcoming paper (Hamann et al. in prep) .
The dashed, dotted, and solid lines in Fig. 9 represent outflow kinetic powers that are 10 per cent, 1 per cent and 0.1 per cent of the quasar bolometric luminosities, respectively. Various studies have shown that it is sufficient for an outflow to carry ∼5 per cent of the radiated energy to directly entrain most of the galactic gas at large radii, quenching the star formation in the host galaxy (e.g. Scannapieco & Oh 2004; Di Matteo et al. 2005; Hopkins et al. 2005 Hopkins et al. , 2008 . However, only ∼0.5 per cent of the luminosity is required to generate instabilities that shred the ISM clouds and mix them, efficiently increasing their cross-section. The enhancement in cross-section allows the quasar radiation to perturb more efficiently the clouds that were once too small and too dense to be affected by the radiation field (Hopkins & Elvis 2010) . This effect can act dramatically on the cold gas, disrupting star formation in quasar host galaxies. Figure 9 shows that ERQ outflow energy constitutes at least 3−5 per cent of quasar luminosity. Such efficiencies are sufficient to regulate star formation in their host systems and prevent massive galaxies from growing too massive.
SUMMARY
ERQs are a remarkable population of heavily-reddened quasars at redshift z ∼ 2 − 3.4, discovered by Ross et al. (2015) and Hamann et al. (2017) in the BOSS and WISE surveys. ERQs show a suite of remarkable properties, unlike any known quasar population, that might all be tied to unusually powerful outflows during a brief young evolution stage (Section 1, also Ross et al. 2015; Zakamska et al. 2016; Hamann et al. 2017 ). This study follows up on the discovery by Zakamska et al. (2016) Figure 5) .
3) There is a clear correlation between [OIII] outflow properties and i−W3 color and not quasar luminosity (see Figures 5 and 7) . The redder the color, the broader the [OIII] emission line profile. This result provides a simple explanation of the differences in the [OIII] kinematics between ERQs and blue quasars with matched luminosity. Indeed, it suggests that the dust content in the host galaxy may play an important role in coupling the energy and momentum injected by the quasar to the surrounding ISM efficiently. See also Brusa et al. (2015) for similar conclusions in objects at lower luminosity. 4) Our study shows that the faster [OIII] outflows in ERQs are not tied to radio-loudness, nor larger Eddington ratios (see Figures 6 and 7) . 5) Our energetics estimates indicate that at least a few per cent of the ERQs bolometric luminosity is converted into the kinetic power of the ionized outflows. According to galaxy formation models, such efficiencies are in the range necessary to drive important feedback in host galaxies, regulating star formation and SMBH growth. Therefore, ERQs can drive strong feedback effect in host galaxies, and have a severe impact on their evolution (see Figure 9) .
We suggest that ERQs may represent a heavily-reddened quasar population caught during the short-lived "blow-out" phase of quasar feedback at the peak epoch of galaxy formation. Their powerful [OIII] winds have the potential to profoundly affect the evolution of the galaxies in which they occur. not significantly change the strength and width of the [OIII] . The 2-component fit is also better because it yields a more conservative (lower) velocity for the blueshifted wing. This paper has been typeset from a T E X/L A T E X file prepared by the author. 
